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AB ST RACT 
Preliminary resu l ts  o f  an experiment t o  demonstrate the 
u t i l i t y  o f  ERTS-1 imagery f o r  providing s ign i f i can t  information 
t o  the harvest model o f  the menhaden industry are reported. Fish- 
er ies and re la ted  environmental data were obtained discontinuously 
throughout the 1973 menhaden (a surface schooling, coastal species) 
f i sh ing  season i n  Mississippi  Sound. 
The unexpected complexity o f  the physical environment i n  
M i  ss i  ss i ppi Sound precluded simp1 i s t i  c analysis o f  f i sh/envi ronmen t 
relat ionships.  Preliminary ind icat ions are tha t  an association does 
e x i s t  abetween f i s h  a v a i l a b i l i t y  and differences i n  water transparency 
( t u r b i d i t y )  w i th in  the Sound. A c learer .  re la t ionship i s  developing 
between major t u rb id  features imaged by ERTS-1 and locat ion of suc- 
cessful f i sh ing  attempts. On a l l  occasions where r e l a t i v e l y  cloud- 
f ree ERTS-1 ove r f l i gh t  days coincided w i th  f ishery a c t i v i t y ,  over- 
lays of catch locat ion on ERTS-1 images show an association o f  
school pos i t ion  w i th  interfaces between imaged tu rb id  features. 
Analysis i s  current ly  underway t o  determine persistence o f  such 
associations i n  an attempt t o  def ine minimum s a t e l l i t e  re turn time 
necessary t o  maintain cont inu i ty  o f  associations. 
M i  t h i n  the context o f  the menhaden harvest model, benef i ts 
which may accrue t o  the industry can be measured i n  terms o f  re-  
duced dependence on spotter a i r c r a f t  f o r  generalized f i s h  school 
locat ion.  The sa te . l l i te  repeat time i s  o f  c r f t i c a l  importance 
t o  t h i s  application. 
+= 
1 INTRODUCTION 
Menhaden are small surface schooling pelagic f i s h  which occur i n  the 
nearshore coastal waters o f  the A t lan t i c  and Gulf Coasts o f  the United States. 
These her r ing- l i ke  f i s h  support the la rges t  volume f i shery  i n  t h i s  country. 
The f ishery i s  div ided i n t o  two regional un i ts :  one presently centered .around 
the Chesapeake Bay and the other centered. around the Mississippi  River Delta 
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and the nearby areas east and west. The Chesapeake Bay fishery is the 
older and was formerly considerably more extensive, b u t  lack of availability 
of the resource has caused a sharp decrease i n  the range and extent of the 
fishery. To the contrary, the Gulf of Mexico fishery is more recent and 
is considered t o  be an expanding, dynamic fishery. 
Menhaden are fished by t w i n  skiff ,  purse seine vessels assisted by 
spotter-pilots flying light a i rcraf t ,  whose responsibility is t o  locate a 
commercially accessible aggregation of schools and guide the fishermen i n  
their capture. The well-developed harvest technology of the menhaden fishery 
coupled w i t h  the inherent remote sensing aspects of the discovery and capture 
of the resource suggested its use as a demonstration for  the applicability 
of remotely acquired oceanographic data as a complementary source of infor- 
mation for harvest and management decision processes. 
The research program reported herein represents a cooperative effort  
undertaken by EarthSat and the National Fish Meal and O i l  Association, i n  
conjunction w i t h  NASA Earth Resources Laboratory ( E R L )  and the Fisheries 
Engineering Laboratory (FEL) of the National Marine Fisheries Service 
(NMFS) colocated a t  the Mississippi Test Facility (MTF). Other NMFS parti- 
cipants included the Pascagoula Laboratory i n  southeastern Mississippi, the 
S t .  Petersburg Laboratory i n  western Florida and the Beaufort Laboratory i n  
coastal North Carolina. 
Four sub-experiments were designated which involved space applications, 
oceanographic applications, living marine resource applications and fishery 
utilization applications. Responsibility for the experiments was designated 
according t o  the individual objectives of each of the experiment participants, 
b u t  acquisition and interpretation procedures were shared amongst a l l  parti- 
cipants. This paper will concentrate on the fishery utilization sub-experiment. 
2. EXPERIMENTAL DESIGN 
The test s i te  selected for  the combined ERTS-1 experiment was an 
area bordering the Mississippi Gulf Coast, called Mississippi Sound (Figure 1 ) .  
Th i s  approximately one hundred mile by ten mile rectangular area i s  a portion of 
the Gulf of Mexico isolated by a discontinuous series of barrier islands. 
I t  was selected as  the t e s t  s i t e  for  several reasons. First ,  i t  supports a 
large menhaden fishery which, during a typical year, produces 30% of the total 
Gulf of Mexico catch. Secondly, i t  was logistically simple i n  that a l l  of the 
commercial fishing companies operating i n  the Sound utilized port  fac i l i t i es  
located a t  Moss Point, Mississippi. Further, the Sound is i n  close proximity 
t o  the Mississippi Test Facility and the NMFS Pascagoula Laboratory. 
utilizing the ERTS spacecraft, medium and low alt i tude NASA aircraf t ,  low 
a1 t i t u d e  a i rcraf t  supplied by the National Marine Fisheries Service, spotter 
a i rcraf t  used by the f i s h i n g  companies for locating the resource, and surface 
vessels of two types. Vessels chartered by NASA and NMFS occupied preselected 
stations on major data acquisition days. Selected commercial fishing vessels 
were utilized for  discontinuous random data acquisition, keyed to  the individual 
fishing efforts of the vessels chosen. 
Data acquisition was t o  occur from a multi-platform, multi-level system, 
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Routine surface sampling f o r  the u t i l i z a t i o n  experiment proceeded 
from May t o  October 1972. EarthSat personnel occupied pos i t i ons  as s c i e n t i f i c  
observers aboard three commercial menhaden vessels continuously dur ing the  
per iod June through September. These ind i v idua ls  obtained oceanographic 
observations each time a capture attempt was i n i t i a t e d  upon a school o f  men- 
haden. A t  the time o f  capture o r  attempted capture, observations o f  temperature, 
s a l i n i t y ,  secchi depth ( t u r b i d i t y ) ,  water co lo r  and associated meteorological 
data were obtained t o  coincide w i t h  f i she r ies  data concerning the s i ze  o f  
the school captured, i t s  p o s i t i o n  and the time o f  capture. These observations 
were made the f i r s t  three days o f  each f i s h i n g  week except dur ing periods where 
,ERTS-1 overpass o r  major f i e l d  a c t i v i t y  occurred l a t e r  i n  the week -- i n  which 
case the sampling per iod was extended f o r  the e n t i r e  week. A l l  sampling was 
achieved so as t o  n o t  i n t e r f e r e  w i t h  f i r s t  p r i o r i t y  f i s h i n g  a c t i v i t y .  
Once weekly, throughout the season, a minor f i e l d  exercise was under- 
taken -- termed a "secondary day" -- wherein an a i r c r a f t  o v e r f l i g h t  was made 
of the prime f i s h i n g  area i n  order t o  obta in  temperature d i s t r i b u t i o n s  as 
mapped by a thermal scanner. These f l i g h t s  were d i rec ted  by the Earth Re- 
sources Laboratory a t  MTF. Simultaneously, an a i r c r a f t  was dispatched from 
the Pascagoula Laboratory o f  NMFS t o  acquire a e r i a l  photography o f  f i s h  schools 
and menhaden f i s h i n g  a c t i v i t y .  During these days, several char ter  vessels were 
u t i l i z e d  f o r  t ransect  ground t r u t h .  
A t  several per iods dur ing the summer, selected nominally t o  correspond w i t h  
ERTS-1 o v e r f l i g h t ,  major f i e l d  exercises -- termed "main days"-- were undertaken 
wherein vessels chartered by NMFS and ERL occupied d i s c r e t e  pos i t ions along 
t ransect  l i n e s  which were also overflown by the NASA NP3A a i r c r a f t  operat ing 
from Houston. Add i t i ona l l y ,  those a i r c r a f t  observations discussed above were 
also undertaken. Fishing a c t i v i t y  proceded as usual w i t h  f i s h  sampling occuring 
a t  random locat ions d i c ta ted  by the l oca t i on  o f  commercially accessible f i s h  
schools. Where possible, increased numbers o f  EarthSat personnel were u t i l i z e d  
t o  enlarge the number o f  vessels from which f i she ry  sampling was obtained. 
A1 1 data acquired through ground sampling programs were accumu- 
l a t e d  and held i n  a computer-operated data management system. As possible,  
remotely acquired data was t ransferred t o  computer-compatible format and en- 
tered i n t o  the same common data bank accessible t o  a l l  pa r t i c i pan ts  i n  the 
experiment . 
3. DATA ANALYSIS 
Analysis o f  ERTS-1 imagery u t i l i z e d  the exce l l en t  proper t ies o f  t u r b i d  
fea tu re  d i l i n e a t i o n  poss ib le  from the MSS images. Overlays o f  geographic l oca t i on  
o f  i nd i v idua l  f i s h  sets compared t o  t u r b i d  features v i s i b l e  from images have 
l e d  t o  several po ten t i a l  re la t i onsh ips  discernable from ERTS imagery. Such 
analyses were combined w i t h  an examfnation o f  r e l a t i o n s h i p  between known bathy- 
me t r i c  features and areas i n te rp re ted  as t u r b i d i t y  w i t h i n  the Miss iss ipp i  Sound. 
Visual comparison demonstrates t h a t  i n  some cases the  ERTS-I images view bottom 
topography whereas i n  other  instances ERTS-1 images apparently view t u r b i d  
water features. D i g i t a l  image processing and s t a t i s t i c a l  rout ines are cu r ren t l y  
being employed i n  an attempt t o  segregate these e f fec ts .  An analysis o f  these 
data shows t h a t  near ly  a l l  f i s h  catches are made between the  one t o  two fathom 
bathemetric contours. Sets almost always f a l l  i n  o r  along t u r b i d  features. 
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I n  the analysis perfonned t o  date,the data general ly can be grouped 
i n t o  two classes. 
the i n t e r f a c e  between areas o f  markedly d i f f e r e n t  t u r b i d i t y .  Such sets a l so  
associate w i t h  shallower areas leading t o  the speculat ion t h a t  t h i s  t u r b i d i t y  
i s  wave-induced i n  the shallow. water. The reason f o r  the associat ion i s  
n o t  c lear .  
t u r b i d  water which occur i n  depths o f  approximately two fathoms. 
i s  an example o f  the l a t t e r  class o f  data. 
Immediately behind Dolphin I s land  (Figures 2 and 3 ) ,  an area was observed 
t o  contain numerous f i s h  schools centered i n  a t u r b i d  feature.  This repre- 
sented a - h i g h l y  a typ i ca l  s i t u a t i o n  i n  t h a t  general ly catches i n  the eastern 
Sound s l i g h t l y  t o  the nor th  associated w i t h  a large marshy i.sland known t o  the 
fishermen as Coffee Is land. On t h i s  date no f i s h  were observed i n  the v i c i n i t y  
o f  Coffee I s l a n d  which was extremely unusual, and a l l  catches were made i n  
the t u r b i d  feature i n  an area where few catches had been made over the previous 
three months o f  the f i s h i n g  season. On the 29th o f  September two m i l l i o n  f i s h  
were taken by three vessels from t h i s  area. Examination o f  catch records p r i o r  
t o  t h i s  overpass demonstrate t h a t  an increas ing associat ion w i th  t h i s  area 
occurred from the 27th t o  the 29th o f  September, i n d i c a t i n g  a possible pers is-  
tence o f  t h i s  feature.  Events a f t e r  the 29th were n o t  def ined due t o  the ces- 
sa t i on  of f i sh ing  on the 29th, the end o f  the f i s h i n g  week. 
observations such as temperature, s a l i n i t y ,  and t u r b i d i t y  t o  the abundance and 
occurrence o f  commercially accessible menhaden, 
been l a r g e l y  unsuccessful due, we fee l ,  t o  the perturbed nature o f  the environ- 
ment, The Miss iss ipp i  Sound i s  a n a t u r a l l y  complex estaur ine system and i s  
heavi ly  t r a f f i c e d  by commercial and pleasure vessels. 
duced a r t i f i c i a l  complications i n t o  the environment which make coherent 
sampling extremely d i  ff i c u l  t. 
I n  the f i r s t  class o f  data catches appear t o  associate w i t h  
I n  the second class., associations centered on plumes of 
The 29th o f  September 
S t a t i s t i c a l  methods are a lso being employed t o  attempt t o  r e l a t e  environmental 
To date, such attempts have 
The vessel t r a f f i c  i n t r o -  
4. DISCUSSION 
Areas e x h i b i t i n g  t u r b i d i t y  i n  shoal water tended t o  be those areas which 
were prev ious ly  w e l l  known as centers o f  f i s h i n g  a c t i v i t f i f o r  example, the 
area around Coffee Is land. However, the one instance demonstrated i n  the 
September 29 image where f i s h i n g  a c t i v i t y  centered i n  a plume i n  deeper water 
represents a unique occurrence which when supported by repeated evidence, i n -  
d icates the f i r s t  instance where a s a t e l l i t e  acquired image could be used as 
an i n p u t  f o r  management purposes, Pers is tent  associat ion o f  comnercially 
accessible f i s h  schools w i t h  such a feature provides the  impetus f o r  u t i l i z i n g  
such i n t e r p r e t a t i o n  as a management t o o l  f o r  r e s t r i c t i n g  harvest e f f o r t s .  
However, i n  general i t  must be sa id  t h a t  the p o t e n t i a l  o f  these techni-  
ques l i e s  more i n  management than i n  harvest i n  respect t o  the menhaden indust ry .  
The general h igh e f f i c i e n c y  o f  search and capture exh ib i t ed  by t h i s  f ishery pre- 
cludes a .major i n p u t  from remote sensing s a t e l l i t e  systems i n t o  these a c t i v i t i e s .  
However, the p o t e n t i a l  f o r  p r e d i c t i n g  on a longterm basis  probable locat ions 
could g rea t l y  reduce the resource investment i n  search a i r c r a f t  and time so 
employed. Further these techniques suggest a poss ib le  means o f  worldwide survey 
f o r  p o t e n t i a l  f i s h i n g  s i t e s  f o r  s i m i l a r  species of Clupeoid f ishes known o r  
thought t o  e x i s t  i n  s i m i l a r  environments. 
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